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Summary
Introduction: One factor of implant survivorship in total hip replacement (THR) is the quality
of implant choice and positioning. The purported advantages of minimally invasive approaches
are faster recovery, shorter hospital stay and less per-operative blood loss. On the other hand,
there have been many reports of higher complication rates, and doubts as to the quality of
implant positioning.
Hypothesis: The quest to minimize tissue damage is at the cost of THR positioning quality.
Objectives: To assess implant positioning in a prospective comparative continuous multicenter
series.
Patients and methods: Between 2008 and 2009, a prospective comparative study was conducted
on a continuous series of 141 THRs. Ninety-two were performed in two centers, using a minimally
invasive Watson-Jones approach; the other 49, performed in a 3rd center, used an anterolateral
approach with anterior hemimyotomy. The surgeons were in all cases experienced in their tech-
nique. Short-term follow-up comprised clinical and functional (Postel Merle d’Aubigné (PMA),
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Harris, SF12, WOMAC) and biological assessment (serum creatine phosphokinase (CPK), myo-
globinemia, hematocrit) and analysis of complications and of implant positioning on X-ray and
CT-scan.
Results: On the Watson-Jones approach, surgery time was longer; day-1 analgesic administra-
tion was lower; PMA, Harris and WOMAC scores were better at 6 weeks; and CPK levels were
lower at 24 and 48 hours. There were no signiﬁcant differences on the other clinical and biolog-
ical criteria. Implant positioning analysis revealed signiﬁcantly greater combined anteversion
and greater variation in acetabular inclination mean with the Watson-Jones approach, but no
differences in cup positioning, femoral stem positioning, or limb length discrepancy.
Discussion: The minimally invasive Watson-Jones approach provided faster recovery and less
muscular damage. However, implant positioning was less precise in terms of acetabular cup
inclination.
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Introduction
In total hip replacement (THR), the beneﬁt of a minimally
invasive or reduced approach remains unproven. The 1st
reports were of mini-incisions of less than 10 cm [1—4],
which were quickly assimilated to the concept of minimal
invasion [4—7], especially as concerned dual approach tech-
niques. Clinical differences between approaches diminish
over follow-up (between 6 months and 1 year, according to
the series [8—10]), raising the question of the longer-term
beneﬁt associated with mini-incisions. The prime objective
thus becomes implant survivorship, which is dependent upon
implantation quality [11—16]. It has not been demonstrated
that minimizing the surgical approach does not adversely
affect this parameter, even in the hands of experienced sur-
geons. The present study compared two THR approaches,
the standard anterolateral transgluteal (Thomine et al.)
approach [17] and a reduced anterolateral (mini-Watson-
Jones or Rottinger) approach [18], with implant positioning
as principal assessment criterion.
Patients and methods
Patients
In the present multicenter prospective study, three French
centers (Le Havre, Versailles, and Rouen) each assessed
a continuous series of primary intention THR. Surgery in
each center was performed under the supervision of a sin-
gle surgeon experienced in the procedure in question (JM
in Le Havre, PO in Versailles, and FD in Rouen). Ninety-
two operations used the mini-Watson-Jones approach:
42 in Versailles (mWJ1) and 50 in Le Havre (mWJ2);
and 49, in Rouen, used Thomine’s anterior hemimyotomy
(AHM).
Inclusion was from January 2008 to January 2009. Inclu-
sion criteria were primary intention THR, for whatever
etiology, free of major architectural disorder (i.e., of asso-
ciated acetabular or femoral surgery), and using similar
implant models comprising a metal-polyethylene friction
couple, a cemented cup, and a Charnley-type monoblock or
modular 22.2mm-caliber cemented femoral stem. The pre-
cise model was not imposed by the study protocol but left
to the surgeon’s choice. Exclusion criteria were associated
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rspective, comparative, non-randomized.
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ajor architectural disorder, and local history of surgery;
ody mass index did not feature as an exclusion criterion.
The protocol was approved by the Comité de protection
es personnes ethics committee as part of an assessment
eries for functional recovery following THR.
ethods
re-operative data comprised age, gender, height and
eight, etiology, socio-economic status, sports level and
merican Society of Anesthesiologists (ASA), Charnley [19],
ostel Merle d’Aubigné [20] and Harris [21] scores. In all
roups, hip osteoarthritis was mainly primitive; patients
ere almost all retired and non-athletic. Table 1 shows char-
cteristics for the three groups.
Surgery was systematically performed under general
nesthesia, with the patient in lateral decubitus. For
he standard anterolateral approach the procedure was
s described by Thomine et al. [17] and, for the mini-
nterolateral approach, as described by Bertin and Rottinger
18]. The theoretic cup position was in 45◦ inclination and
5◦ anteversion, with 15◦ anteversion for the femoral stem.
Post-operative management was identical in the three
epartments as regards analgesia, immediate upright pos-
ure, transfusion strategy and thromboprophylaxis.
The per-operative and early post-operative clinical
ssessment criteria were operation time, per-operative
lood loss (quantiﬁed as exclusive aspiration minus lavage
olumes), need for transfusion, complications, hospital stay,
nd discharge home or to convalescence. Biological markers
ere pre-operative hematocrit evolution to post-operative
1, myoglobinemia at 10 h, and CPK levels at 24 h and 48 h.
Implant position was assessed from weight-bearing X-ray
nd CT-scans. Cup inclination was determined; on weight-
earing AP X-ray views, as the angle between the tear-drop
ine and the projection of the opening of the cup. Cup antev-
rsion was determined, on CT-scan, as the angle between
he projection of the opening of the cup and the angle sub-
ended by a perpendicular to the tangent of the posterior
dges of the posterior acetabular wall. Femoral anteversion
as determined, on CT-scan, as the angle between the neck
xis and the tangent of the posterior edge of the femoral
ondyles. Combined anteversion was determined as the sum
f cup plus femoral stem version. For each position crite-
ion, several good-position sectors were deﬁned on the basis
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Table 1 Pre-operative epidemiological data for the three series: mean± SD (range). Signiﬁcance threshold, P = 0.05.
AHM mWJ1 mWJ2 AHM /mWJ1 AHM /mWJ2 mWJ1/mWJ2
Number 49 42 50
Age (years) 62± 14
(37/87)
73± 8
(41/85)
68± 11
(35/88)
< 0.0001 0.03 0.015
Sex ratio
(F/H)
18/31 29/13 32/18 0.006 0.03 NS
BMI (kg/m2) 25.9± 4
(17.6/38)
25.8± 3.2
(19.6/33)
26.6± 3.8
(20.2/34.2)
NS NS NS
ASA score
(%)
1 39 17 16 0.04 0.03 0.001
2 45 68 70
3 16 15 14
Charnley
score (%)
A 27 24 44 NS NS 0.0003
B 53 69 28
C 20 7 28
Etiology Primitive 30 32 41 NS NS NS
dysplasia 5 5 3
RDOHa 1 2
Necrosis 8 3 4
Traumatic 3
Inﬂammatory 2 2
Work status Retired 37 40 37 NS NS 0.02
Ofﬁce 2 1 2
Mixed 4 10
Physical 6 1 1
Activity
level
(Devane)b
2 2 0 1 0.01 NS 0.01
3 30 38 30
4 10 3 17
5 7 1 2
R/L ratio 27/22 18/24 17/33 NS 0.016 NS
Pre-
operative
PMA score
12.4± 2
(9/16)
11.6± 2
(6/15)
11.8± 2.4
(5/15)
NS NS NS
Pre-
operative
Harris
score
46.4± 14.6
(11/74)
40.8± 13.4
(10/66)
51.6± 14.9
(16/81)
NS NS 0.001
AHM: anterior hemimyotomy; mWJ1: mini-Watson-Jones group 1; mWJ2: mini-Watson-Jones group 2. BMI: Body Mass Index.
a Rapidly destructive osteoarthritis of the hip.
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f literature recommendations [11—13,22—25]. Series were
hen compared pairwise on contingency tables.
Early post-operative radio-clinical follow-up at 6 weeks
ssessed scar size, limping, mobility and pain; complications
ere noted; physical PMA [20] and Harris [21] scores and
unctional WOMAC [26] and SF12 [27] scores were calculated
n the validated French versions of the tests. X-ray assess-
ent completed the study of positioning in terms of femoral
arus/valgus, measured to within 3◦, and of lengthening and
he implant contribution to lower limb length inequality as
ssessed by the distance between the tear-drop line and
he tangent of the lesser trochanter. Lengthening and the
s
t
t
aardening, swimming; 4: ofﬁce work, light sport; 5: physical work,
mplant contribution to lower limb length inequality were
easured as the distance between the tear-drop line and the
angent of the lesser trochanter, following Ranawat et al.
28].
Statistical analysis used the GraphPad inStat software
ackage (version 3.05). Qualitative data were compared on
isher test. Quantitative data were analyzed on the Student
est, with Welch correction when standard deviations were
igniﬁcantly different, and by Mann-Whitney test when dis-
ributions were non-normal. Variances were compared on
he Fisher-Snedecor test. The signiﬁcance threshold was set
t P = 0.05.
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Table 2 Peri-operative clinical data: mean± SD (range).
AHM mWJ1 mWJ2 AHM/mWJ1 (P) AHM/mWJ2 (P) mWJ1/mWJ2 (P)
Surgery time (min) 71± 16
(40/120)
93± 20
(64/148)
94± 15
(70/130)
<0.0001 <0.0001 0.68
Hospital stay (days) 10± 3
(7/20)
9± 2
(6/19)
7± 1
(5/12)
0.1 <0.0001 <0.0001
Home/convalescence
discharge ratio
32/14 16/25 36/14 0.005 0.8 0.003
24 h morphine dose
(mg)
33.6± 23.6
(4/100)
11.8± 9.8
(0/36)
2.6± 7.4
(0/40)
0.0002 <0.0001 <0.0001
Scar size (mm) 15.6± 1.7 8.2± 1.3 9.7± 1.4
4.5)
<0.0001 <0.0001 <0.0001
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AHM: anterior hemimyotomy; mWJ1: mini-Watson-Jones group 1;
P values in bold indicate signiﬁcant difference.
Results
Per- and peri-operative data
Surgery time, from incision to dressing, was signiﬁcantly
longer using a mini-Watson-Jones approach (Table 2). Hos-
pital stay varied between centers; only one of the two
centers using a mini-incision had signiﬁcantly shorter hospi-
tal stays (by nearly 3 days), with patients more often being
discharged home (Table 2). Morphine administration during
the 1st 24 h was signiﬁcantly lower in case of mini-incision,
with also a signiﬁcant difference between the two centers
concerned.
Scar size was signiﬁcantly smaller with the mini-incision,
but sometimes exceeded the deﬁnition of a mini-incision,
up to 14.5 cm. There was a signiﬁcant difference (mean,
1.5 cm) in scar size between the two mini-Watson-Jones
groups.Bleeding and muscular lesions
Bleeding and the number of transfused concentrates were
equivalent between the two mini-Watson-Jones groups and
i
d
3
p
Table 3 Bleeding and muscular lesion data. Mean± SD (range).
AHM mWJ1 mWJ2
Per-operative
blood loss (ml)
361± 163
(200/900)
401± 233
(100/1200)
393± 213
(100/1000
Hematocrit
reduction
8.4± 3.6
(1/17)
7.9± 4.1
(0.9/22.5)
9± 4.4
(−1/18.3)
Transfusion
(concentrates)
0.13± 0.7
(0/5)
0.35± 0.9
(0/4)
0.1± 0.5
(0/3)
10-h
myoglobinemia
(g/l)
266± 178
(51/495)
285.7± 185
(24/1010)
327± 191
(75/961)
24-h CPK (g/l) 534± 304
(71/1421)
480.6± 408
(140/1923)
370.7± 17
(88/1125)
48-h CPK (g/l) 479± 370
(163/1635)
385± 352
(100/1396)
303.8± 19
(95/1028)
AHM: anterior hemimyotomy; mWJ1: mini-Watson-Jones group 1; mWJ
P values in bold indicate signiﬁcant difference.2: mini-Watson-Jones group 2.
etween them and the AHM group (Table 3). Mean per-
perative blood loss ranged from 361 to 401ml between
roups (NS) (Table 3). Hematocrit reduction from pre-
perative to D1 levels was similar between the three groups.
ne AHM-group patient was excluded due to per-operative
ransfusion. Biological assessment of muscular markers, on
he other hand, showed contrasting results. Myoglobinemia
t 10 h was similar between the three groups, but 24 h and
8 h CPK levels were signiﬁcantly higher in the AHM group
Table 3).
arly post-operative course
ne of the two mini-incision centers did not use the func-
ional WOMAC or SF12 scores in follow-up. Recovery at 6
eeks was signiﬁcantly better with mini-incision, in terms
f PMA and Harris scores, and of WOMAC score in the cen-
er, which assessed this (Table 4). No signiﬁcant difference
n SF12 score emerged between groups.
There was no signiﬁcant difference in complications,
eﬁned as any adverse per- or post-operative event up to
months, between the three groups. In the AHM group, one
atient was treated for pulmonary embolism with probable
AHM/mWJ1 (P) AHM/mWJ2 (P) mWJ1/mWJ2 (P)
)
0.46 0.52 0.86
0.6 0.5 0.4
0.37 0.98 0.35
0.68 0.18 0.35
5.9 0.037 0.0055 0.8
3 0.04 0.023 0.9
2: mini-Watson-Jones group 2.
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Table 4 Analysis of clinical recovery at 6 weeks. Mean± SD (range).
AHM mWJ1 mWJ 2 AHM/mWJ1 (P) AHM/mWJ2 (P) mWJ1/mWJ2 (P)
PMA 14± 1
(12—18)
17± 1
(14—18)
16± 1
(13—18)
<0.0001 <0.0001 0.18
Harris 76± 15
(44—98)
88.2± 10.7
(62—100)
84.6± 11.7
(46—99)
0.0004 0.008 0.15
WOMAC 29± 13
(5—53)
8.6± 6
(0—28)
<0.0001
SF 12-V2 39.6± 7.9 43.2± 7.7
)
0.08
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AHM: anterior hemimyotomy; mWJ1: mini-Watson-Jones group 1;
P values in bold indicate signiﬁcant difference.
ransitory ischemic event; one superﬁcial infection was suc-
essfully managed by local treatment and antibiotics; and
ne patient suffered persistent disabling hip pain for which
o cause could be determined. In mini-Watson-Jones group
, there was one case of pulmonary embolism; in the 2nd
roup, one case of femoral shaft perforation was managed
uring surgery, and one thigh hematoma resorbed without
eoperation.
mplant positioning
orty-ﬁve of the 49 AHM-group patients had undergone CT-
can for implant positioning at the time of writing; one
efused to do so, and three others had not been scanned.
our of the 42 patients in the 1st mini-Watson-Jones group
ad not been scanned but all those in the 2nd group had
een (Table 5). Cup inclination was shallower in the 2nd
ini-Watson-Jones group. Mean acetabular anteversion in
he 1st mini-Watson-Jones group was greater than in the
ther two groups, as was femoral anteversion (Table 5). In
erms of combined anteversion, implant positioning differed
C
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Table 5 X-ray analysis of implant positioning: mean± SD (range)
Implant position AHM mWJ1 mWJ2
Cup
Inclination (◦) 46± 2.7
(35/50)
47± 4.8
(37/56)
44± 4.8
(34/56)
Anteversion (◦) 10± 8.2
(−9/28)
17± 6.3
(0/30)
9± 8
(−9/29)
Femoral pivot
Anteversion (◦) 14± 10
(−10/38)
17± 7.4
(2.5/29)
23± 9.2
(4/53)
Inequality (mm) 0.3± 0.6
(−0.5/2)
0.16± 0.4
(−1/1.5)
0.18± 0.5
(−1/1.5)
Combined
anteversion (◦)
23± 13
(−10/60)
34± 10
(6/51)
32± 12
(4/59)
Femoral
alignment (±3◦)
Straight 46 41 43
Varus 2 3
Valgus 1 1 4
AHM: anterior hemimyotomy; mWJ1: mini-Watson-Jones group 1; mWJ
P values in bold indicate signiﬁcant difference.2: mini-Watson-Jones group 2.
ccording to approach, the AHM group showing signiﬁcantly
ess than the two mini-Watson-Jones groups (Table 5).
To assess whether there were any differences in implant
ositioning quality, a number of theoretic position sectors
ere determined from literature recommendations. Pair-
ise comparison between series was performed to draw
p contingency tables. Whatever the theoretic positioning
ector [11—13,22—25], no signiﬁcant differences emerged
ccording to approach. A 2nd analysis compared distribution
round the mean position, by comparing group variances
n Fisher-Snedecor F test (Table 6); cup inclination range
roved signiﬁcantly greater in the mini-incision groups,
hile cup, femur and combined anteversion did not differ.
iscussionlinical follow-up
ost studies of mini-incisions reported simpler post-
perative course and beneﬁt in terms of post-operative
ain, per- and post-operative bleeding, decubitus-related
.
AHM/mWJ1 (P) AHM/mWJ2 (P) mWJ1/mWJ2 (P)
0.18 0.035 0.005
0.0002 0.46 <0.0001
0.09 <0.0001 0.003
0.18 0.18 0.99
0.003 0.003 0.38
0.6 0.3 0.07
2: mini-Watson-Jones group 2.
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Table 6 Implant positioning ranges.
Variance Test F
AHM mWJ1 mWJ2 AHM/mWJ1 (P) AHM/mWJ2 (P) mWJ1/mWJ2 (P)
Cup inclination 10.00 22.76 22.99 0.008 0.004 0.98
Cup anteversion 67.90 40.26 64.59 0.11 0.86 0.14
Femoral anteversion 63.44 55.08 84.79 0.67 0.37 0.17
Combined anteversion 179.38 110.05 143.34 0.14 0.45 0.40
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P values in bold indicate signiﬁcant difference.
complications and recovery time [22,29—32]. Some series
were selected according to body mass index [4,30], or
discharge home and active involvement in rehabilitation
[33,34].
Other reports, mainly involving double incision
approaches, were more reserved or even negative [4—6].
Long-term clinical results were similar between approaches
[2,3,23,31,32,35,36]. DiGioia et al. [2] reported a prospec-
tive randomized comparison between mini-incision and
a posterior approach for THR. At 6 months, results with
the mini-incision were still better than with the posterior
approach in terms of limp, walking distance and stair climb-
ing, but at 1 year there were no differences between the
two groups. Wright et al. [3] found no differences according
to approach at 5 years’ FU. Ogonda et al. [37], in a prospec-
tive, randomized, double-blind study, found no difference
in immediate recovery between a standard approach and
posterior mini-incision. Wall et Mears [38] reviewed the
entire literature on mini-incision in hip surgery; up to
February 2008, only nine randomized comparative trials
had been published, and the sole signiﬁcant difference
lay in reduced bleeding with the mini-incision, and even
here no clinical impact could be proved. Confusion factors
may account for differences reported in other series: for
example, Pour et al. [39] demonstrated that post-operative
course in THR was more dependent on preconditioning than
on incision length.
In the present series, recovery at 6 weeks was better
with the mini-Watson-Jones approach than with AHM, on our
objective and functional criteria (PMA, Harris and WOMAC);
no such difference was found on SF12. These results are
to be interpreted with caution: there were some signif-
icant differences between the two types of group. The
group operated on by AHM was signiﬁcantly younger than
the two mini-Watson-Jones groups (respectively, P < 0.0001
and P = 0.03), with a signiﬁcantly different sex ratio (respec-
tively, P = 0.0064 and P = 0.03) and Devane activity level. This
represents a real bias, inasmuch as younger THR patients
are likely to recover more rapidly, and also to be more
demanding and severe in their self-assessments. There were
no signiﬁcant differences on the other study criteria (BMI,
ASA and Charnley scores, PMA and Harris scores, or etiology).
Given these ﬁndings, the lower CPK elevation observed
at 24 h and 48 h is interesting. Myoglobinemia and CPK were
assayed at their recognized serum peak following surgical
aggression [40,41]. Myoglobinemia falls off more rapidly
than CPK from its peak value, leaving a tighter sampling
interval, which might explain why no signiﬁcant difference
according to approach was found with this marker. A cadaver
m
o
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g
p2: mini-Watson-Jones group 2.
tudy of THR found that double incision induced gluteus
edius and external rotator lesions, whereas posterior mini-
ncision induced external rotator lesions [7]. Muscle lesions
lso differed in type: sectioning on the Thomine approach,
nd stretching on the mini-Watson-Jones approach; better
linical recovery may thus come down to better recovery
rom muscle stretch lesions. Madsen et al. [42] comparing
ait recovery between standard posterior and anterolat-
ral approaches, found persistent inclination of the trunk
nd greater right/left loading asymmetry at 6 months with
he anterolateral approach: i.e., residual muscle deﬁcit at
months was associated with an approach involving the
bductor system. Meneghini et al. [43], however, in a short
rospective randomized opto-electronic analysis of gait
ccording to three mini-approaches in THR (anterolateral,
osterior and double), observed no signiﬁcant differences in
ecovery. The anterolateral approach appeared to be associ-
ted with reduced mid-pace reaction strength on the ground
ompared to the other approaches; in fact, however, the
ifference concerned the pre-operative situation of those
atients managed by an anterolateral approach, whereas no
ifference was to be observed post-operatively. The authors
fﬁrmed that an anterolateral approach was associated with
ersistent abductor system lesion, despite the absence of
ny signiﬁcant difference and the fact that all assessment
arameters pointed to more well-balanced right/left distri-
ution of weight-bearing.
mplant positioning
ll of the above criteria, however, may be said to be sec-
ndary. Others, such as enduring function, implantation
uality and implant survivorship, are more directly relevant.
ertain reports were encouraging on these points, ﬁnding no
ncrease in implant malposition with mini-incision [3,44,45].
thers were more reserved, such as that by Woolson et al.
4], who reported poorer acetabular positioning with pos-
erior mini-incision; their conclusions, however, are to be
aken with caution due to certain limitations and bias: mini-
ncision group patients were selected, there were three
urgeons, all with little experience using this approach, and
ollow-up was short.
Analyzing the distribution of implant position around the
ean sheds a more useful light, better reﬂecting the quality
f positioning. In the present study, the AHM group showed
ess variation in cup inclination than the mini-Watson-Jones
roups. There were no signiﬁcant differences in the other
ositioning criteria.
2d
v
a
s
e
c
t
s
T
p
o
c
p
a
s
a
o
n
c
p
s
n
b
s
a
e
a
o
t
a
p
c
i
d
[
b
t
a
C
I
f
l
s
a
t
d
C
N
R
[
[
[
[
[
[
[
[
[
[0
The implant positioning analysis method is open to
iscussion. X-ray assessment of cup inclination, femoral
arus/valgus and lengthening has been validated [28,46];
cetabular anteversion assessment, on the other hand,
hows low reproductibility. Various radiographic methods
xist [11,47—50]. CT measurement is the most precise, but
annot be performed under loading. All of the measurement
echniques available take the ground as reference, irre-
pective of the spatial position of the pelvis [50], although
annast et al. [46] demonstrated that sagittal variation in
elvic position affected the measurement of version but not
f inclination. Pelvis position can be taken into account in
alculating cup positioning [50].
Hart et al. [10] found no signiﬁcant differences in implant
osition on X-ray (inclination and femoral anteversion and
lignment) between standard posterior and minimally inva-
ive approaches; this was, however, a purely radiographic
nalysis, and involved patient selection. Chen et al. [9],
n a similar analysis, reported signiﬁcantly less cup incli-
ation and greater anteversion with double mini-incision
ompared to a standard transgluteal approach, although
ositioning was within the ‘‘good’’ sector in all cases; the
tudy was retrospective, and the ‘‘good’’ was not deﬁned,
or was it speciﬁed whether the same surgeon performed
oth types of operation. In the present study, CT analy-
is of implant positioning found a signiﬁcant difference in
cetabular inclination and in acetabular and femoral antev-
rsion in only one of the two mini-Watson-Jones groups
s compared to the AHM group: the difference was thus
perator-dependent and not a question of approach. Nor did
his difference mean that results in one group were good
nd in the other poor: both fell within the sector of good
ositioning, however this was deﬁned. Normal positioning
riteria in the literature include dislocation risk [11,12], lim-
tation of mobilities [13,14] with cam-effect and elevated
islocation risk, and risk of loosening and implant failure
15,16,23,33,44]; such variable criteria make comparison
etween series difﬁcult. Above all, these considerations tes-
ify to the broad tolerance of implant positioning in THR with
metal/polyethylene friction couple.
onclusion
n the present continuous prospective comparative series,
rontal cup positioning was less precise using an antero-
ateral mini-incision than with AHM. It conﬁrmed the
hort-term clinical beneﬁt and reduced muscular aggression
ssociated with the mini-Watson-Jones approach. Longer-
erm clinical follow-up might show whether this positioning
ifference impacts implant survivorship.
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